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Gordon .M. Dimdng
.DiViSiOn Of Biol-ogyaad Meticine

Atomic E5er~ Commission ~
Waah31@On, D. C.
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me criteria for establlahhg permissible ingestion of radioactive
-“

fallout material under emerge~cy cozdltions for several weeks following a

DUCi’&!fi.rdetonation are dqendent @mazzily on exposures “to the,

a. gastrointestinal tract from the gTOBSfission pxxM.uct?xtivit.y,

1“

b. thyroid from the isoto~s of iodine and,

c. bone, principally from & %.yw, &~Y, *WJ40 , -------

a 1. Doses to the Gastraintekinal Hi-act

The follcwing Irlncipal ass-qtio~ are usep in calctit~ the doses

gastrolrke6tinal tract of.acklts:

8. tie talc-d-ationsazzebased on the methods contained In

reference one,
v.

b. The fallout mate=ial is ?O ~erceit ixsoluble. (See IV. Discussion

below).

c. The activity decays ac~-~ to the prfici@e of (tti)-1”2.
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The

The energy dell.veredis all.derived from the beta emiBBiOIW)

having a mean energy of 0.4 Mev when in the lover large

intestine. (see &a~h One)2. . .
,..

The.total”dky consumption of fmd and uater 18 2200 grs&
..

or milliliterss

(Ttil number of disintegrations occurring tn organ)(l?nergyof emiE8ions)(8.OxlO~)
(Masfiof Organ) ...

The numlkr of di8integratiom

culated according to equation two:“. .

taking place in

1.2

the or=” may be cd.-

Total number of dlaintegratim =5A& IL&:“2. t.7e3(2)
Where: & = amber of disintegrate- pr

tit th at t= ,“a”~ter .
detmtion.

ta ~ time “an after detonati&.

..___.._ -— .._... ..
tb = time “b” ~ter t~ -~~u~--------.

One of the xmre wei%l forma for the criteria would be in units of

permi88ible concmtratio~ at time of tit.ake. ‘TM6 win” somewhat c&plicate

the “-calctitio~ si.xe “tkerewill bea“decrea6e in actitity 88 the mater~l

paB6e8 along the ga6tro~+=stMl tract. W!!eCsuch calculatio~ are made

ec.cord.Qgto the above asmnptiti and e~~t~{ It may be seen that the..

critical or- ti tie lower k~ge &testtie except far the first hours iJlI-

mediately -fol..lo@ the detanatio~~ (Tkble One shows the relative doses

* l%e rad 16 the tit of absorbed &se eq~l to 100 er~ per gr~.

I..6XIO+ (ergs/&v)O e 5 (prqwtim of totil energ to gaBtrointesttil tract)

100 \ergs/~-rti)

m 8.0 x 10”~

02- POE .~c&vEs



to parts of the gastrointestid tract as a function of time.) Therefore,

Graph Two is based on the activity at time of ingestion to produce one rad

of dose to the lower intestine.

For example, Graph Two shows that if about 48 microcuries are ingested

on the 2Lth hour after

rad of radiation dose.

detonation, the lower large intestine may receive one

This was calculated in the folloti~ manner.

Step 1. Determine the total number of disintegratio~ in the
lower large intestine necessary to produce 1.0 rad.

Frcm equation (1)

(Number of disintegrations) (0.L) 8.o x 10-9) . ~

150

Number of disintegration = 1$.7x 1P

Step 2. Determine the activity at time of intake to produce
L.7x I&” disintegrations within the large intestine.

4.7 x 1(Y ‘‘“i=‘.5.2x 1010 disintegrations intake required
O*9 :) (assuming 10% volubility).

From equation (2)

1P = (~) (A37) (371”2) ~7-002 -55°027 *

3.7 X 109 d/lr.

6.2 X 109 d/ti.

47 pc

* If the the of
diation of the

intake is the 24th hour, then the start of irra-
lower large intestine Is 24 + 13 = 37th hour.

.
according to reference one.

Graph Two has been used in estir,atingradiation doses to the lower

large intestine for

lowing calculations

prolonged periods of ingestion (Table Two). The fol-

are illustrative for the period of 2Lth to the 120th

-3-
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hour (start of intake at the beglnnjng of the 2nd day after detonation for

a duration of four daya).
.- -.

step 1. Ikterminethenumber of mlcrocuries at time Of ingestion ‘
* produce 1.0 railto the lower krge fnte19tine.

l?romGraph Two take the mid ~fit of ixkdse period (W hour)+fi pc c
(This is obviously an approximation stice the exact timeB of lntak.e
during the four-day period will be ~).

Stq 2. Determine the activity at time of titake.

I!romequation (2)

3~ = 544241”2 ~-o~e . ~ -0”~

%4 ~ 0.94 llc/hr

Since there h assumed a

O.* X 24 2 0.010
Z2m

220 ln@ay intake

Pc/ml or gul

~. Doses to the ‘I@rdd

The,f’oll.ukdng

to the adult thyroid

principal.assumptio~ are used in calculat~ the doses

from intake of activity from fallout material: -

a. me percentage of the isotopes of idlne h mlmsd fis6ion

products are accordl.ngto Hunter and Ballau.3

b. Twenty percent of the ingested &31 reaches the thyroid.

c. The

d. The

e. The

mean energy is

thyroid weight

percentages of

0.22 Mar.

ls 20 grams.

shorter-lived

(&e&.Discussion below)..

isotopes of iodine that

reach the thyroid and their doses are according to reference

four .

The method of calcuktion of doses to the thyroid fi ill.ust~ted by ~-

putlng tit amount of intake of fissioa pro&ct8 at the k8th hour

-4- DOE ARC~VM
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to produce 1.0 rad.

Step 1. Determine thedoae rate onthetiy uffrhkOuf P

1.0 rad ta the thymfd.

.“

dose (1.0 rad)
dose rate on initial day
effective &cay constmt (radlOMgicU
W biological)

1.0 =R
m

As/day

Iktermlne the number of microcuries of 1~1 to produce

O.og rad@By

X(VC)(2.2 X 106)(60X 24)(1.6X 10-6)(0.22)s O.~
(100)(20)

●

X ● 0016 pc to +~ofi

(0.16)(5)0: 0.80 NC 1131ingested

Step 3. Iktermine relative doses from 1131 @ ~~t

4accorMng to Graph !Ihree.

At k8th hour, the”relative c6ntributfnn to

frm 1’31andNor’f-am!out , ●

Therefore, ingestion of 0.4 yc l?31 (eqLw731ent) at

produce 1.0 rads to thyroid.

Step 4. Iktermine the number of ticrocuric+~of flEsion produdx

1+31 activity. At ~threquired to “yieldthe required

ktkh hour ti

hour, I?31 constitutes a%out 2.35$ of tom actttity.

Therefore,

i

-5-
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Graph Ibur shovs the ntiber of mlcrocuries of fission products ln-,.

at times @ter detanatlon to produce 1.0 rad to-the thymld.

.-

The three principl bone-aeeklng isoto~fi of concern are Sr~ . y%,

&@ 140 140
,and I?a -La. Evaluation of the~e may be made h term of mount

deposited in the bones versus maximum permiaBible bQdy burdens, or in rad8

of do~e that they deliver after deposittoa. Si2ce values for ~imum per-

kiBBib~ body burdens are based oa the cozcept that these will be main~ined

‘lndefinltelyin the body, they are not so valid for Sr
89 ~d ~MO* =1~

men considering short periods of emergency intake.

.* tie followhg principal assumptions are used in calculating “fhe

‘dcmeBto the bones of adults:

Zp, *89, ~ ~1~-=1~a. The percentage of the isotopes of Sr

in mixed fission produ~ts are accor~ to Hunter and Ballau.3

b. ‘I’heP.ercentigesof intake of these isotopes that are depoBited

‘in the boaes, the ene;gies of emissio~, and their effective half llves

are accordlq to reference five - except for Srw where a 27.7 year radio-

logical half lffe 18 ‘reedhere.

c. The mass of the bmeB iB 7,000 gram.

The method of calculation of doses to the

89
computing the doBe from & from the intake of

cussioa below) of mixed fissioa products on the

cuhtiom were nade for S%J-p ~~ &WIal@

<.

bones IB illuatreted by

27 microcuries (See IV EIB-

120th hour. Similar..c&l-

and then the three

DOE ARC~lV~

doseB
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were added for each intake of

Step 1. Determine the

According to reference

fallout material=

&89 to reach the bone.

4:

The Sr89 content in mixed fission products on the 120th honr is 1.6%.

According to reference ~:

The intake of Sr89 to reach to the bones is 25%.

Therefore:

(27) (0.016) (0.25) = o.1o8, to the bone.

Step 2. Deternrk the dose rate-”tothe bones.

With an assumed effective energy of 0.5SMev (reference ~).

(0.108)(2.2 x 106)(60 x 2L)(1.6 x 10-6)(O.~S) = 4.3 x 1o-4 ra&/day

(100) (7,000)

or 0.L3 miUirads/day—

Step 3. Determine total dose.

D total = R where: R m initial dose rate

AT Ae = effective decay constant

DtotaI = 0.43
0.0133

=32 millirads

IV. Discussion

A. Volubility \

The volubility of fallout matetial varies~
.

depending among other factors

upon the surface over which the detonation occurred. The fallout material

collected in soil samples at the Nevada Test Site has been quite insoluble$

i.e. only a few percent in distilled Rater and roughly 20-30 percent in 0.1

1!HCL. However, it would be expected that the actitity actually present in

-7-
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drinking water supplies would be principally in fd.ubl.efcirm. l!heinter

collected from a ~11 and a cistern an the Island of Rongelq (!Lkbb !hree)
-.

about 21 months after the M.rch 1, 1954 fallout, waB found b have about

80 percent of the activity in the filtrate, but there was d-~;.

amount tit ~ettled to the bottom. Other da- suggest tM materW to have been

about 10-20 percent soluble in water.
.“

In the event contam~ted food iE ingested it is pos~ible that the

total activity--soluble and kwoluble--may find ita -y inh the gastro-

intestinal tract abce at timeB hmediately foUowing a f’allqutmostof this
. ..

activity probably would come from the surface contaminktinn rather than the

BOil-pknt -animal cycle ● There may then follow some solubiMzing In the

acid ;tomach with subsequent removal from the tract before reaching the

lower large intef3tine.
.

It is aaBumed for these calculations that (B) 90% of the fklkut

material is insoluble when cmputimg doserjto the ~str6@estinal tract,

and (b) that the tiotoys of iodine, strontium, and barium are sll soluble

when computing doses to the thyroid and to the bones. ‘Ease assumptions are

probably co.nservatim, 1.e. they may overeathate Bmuhat iihe mdistion

expomrca.

B. Ilidogicnl t3@nificnxe.

After the estimation of

BtOp iB 8R CV81Uattiin tCZ7M

Icingterm.

radiatioa doses by tny procedure the

of biological effect~ both for ahaz%

-8- JIOE ARCHIVES
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.. 1. Gastrointestinal Tract

here have &en few experiment where the gastrointestinal t-et

has been exposed In a manner similar to the one -sumed hefi. In one

experiment currently underway at the Medical Center of the Oak Ridge

Institute of Nuclear Studies, the dosimetry is being studied in dogs

using Yittrium-gO. The preliminary data are in reuaonable agreement with
.
6

the model proposed in reference cne.

i’In ‘another experiment, rata were fed 1.0 to 6.o mi121curies of

Yittriu@O in a single feedlng. FoG of the 33 animals &led of adeno-

carcinoma of the colon and additional ~ls died with acute and chronic

LiLceratfoaof the colon. A Becond group of

O*M ~c of Y91
per feeding over a period of

cumulated amounts of 31.2, 15.6 and 4.68 mc

rats was given 0.46, 0.20, or

three months with total ac-

respectively. Six of the eight

animals at the two higher levels died with careinom of the colon “andno

malignancies were,observed at the lowest level. The authcrs made no

estimate of radiation doBes.

8
h another experiment, ratB were kept alive by the

or para-ami.nopropriophenone either pre or pst whole-body

use of PrahioBiE

Irradiation of

700-1000 roentgena. Four of the 21 rats developed tumors along the gastro.

intestinal tract (one each jejumm, ileum, duodenum,‘and colon), with four

additional animalE 6howing tumors h other organs. However, in comparing

gastrotitestti versus

rafsed aa to a possible

By using fast neutrons,

whole-body irradiation, the queBtion tin been

indirect carcinogenic action in the latter cruse.9

lesser doses have been shown to produce a~fippre’ciable

percentage of intestinal carcinomas in mice, but this is not BO relevant

-9- ~OE ~C~i~



to the present discussion of beta e~osure.
10

..

,,

One mmmarizi”ng statement of the short-term effects stated, “---
-.

though the gaatrotitestlnal tract is one of the Bensitive ByBtems to

ionizing radiation, it alBo has a moat remarhble regenerative and repma-

tlve capacity. It takes doses of well over a thouaandroentgen.s to danage

the gut permanently in most mammalB studied, and It is capble of rapid,

dramatic recovery of anatomical ti functional inte~ity with doseB In the

,Jl
lethal range. Evaluating the dab from dogs exposed to whole-lmdyX-

radiation the authors said, “--- itti suggested that tises of approximately

1,100 to 1,500 r may represent the upper limit of the posafble efficacy

supporti= measures in the treatment-of the syndrome of acute radiation

-of

MUFYO With greater doses the damage to the lntestinalmuc~ appears

irreparable

it has been

tract plays

and of a.nextezt ticompatible with life.
1112 At the same time,

repeatedly indicated that the ~rraditiion of’tine gastrolntesttil

a maJor role b gross whole-body effects associated tith radla-

tioa syndrome.H, u, 13, 14, IS, 16, I?, 18, 19, 20
b fact one author13

summariiea several experimental fiaiiag8, “In prduc~ acute Intestinal

radiaticm death, irradiation of any major portion cf the exter~arized andl
-.

intestine alone is almost equivalent to whole-body irradiation---.”

Graph Five suggests the relative doses to the parts of the gastro-

intestinal tract, from imgestion cf fallout material.

perlmdxd tits does not yermit a conclusive statement

effects to be expected from Buch ratioB of exposures.

cxperimentB are related to tke criterion of death, but

The amllable ex-

an to whole-lmdy

Mat of these

they-do suggest

-100



that the major contributory factor to such effects such as nausea and vomithg

associated with uhole-body exposures of 100-200 roentgens, ~

of the ~trointeBtiml reaction. Possibly a few hundred rads

large idx38tine together with the concomitant J-easerexposures

be the result

to the lower

+x2the upper

large intestb, the and-l Intestineand the Edxmiach(according to Graph l?Lve)

may be in the mmge :_~.L :...- radiation sickness might occur.

i

2. ‘J%ymid

The etudy and treatment of dlmrdem d’ the thyroid glsnd with

radioiodine W led to conside=ble lnfonuation on doae$ and their effects

Whereaa the8e treatments have been priacfpally with alnornal thyroids, much

of the information may be extrqolated to normal thyroid8 for lhe purposes

of this ~cuasion. h additlm there are other dab based on normal.

thyroib in patiente suffering Buch ailments an congestive heart fmflure.
26

!lhepicture that ip clearly presented is that of the relative
.

~ensitimmess of tie adnlt humaa thyroid to radiation. Fur exmple,

26
Freedberg, Kurhd, and H~, report, n---Seven daya 8f’teradmlniatra-

p31 which ddivered 14,500 ad 31,000tion of 17 and 20 mflJicuries of >

rep, respectively, to the thyroid gland, no hfstiloglc clmnges were noted

which could be attributed to J?31. --- Fourteen and tventy-four dayx,

respectimly, after adndnistratim of 59 and. 26 milll.curiesof 1131, -Ised

central destruction of the thyroid glfindvm noted.---” Stie the first

t~ ~tients expired seven dam after l@inMratfxln of the l% from pul-

mmary e-, it h not ellmlnate the wsBibillty tit the deductive
.

DOE ARCWV~
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changes might have appeered in the thyroid If these patients had survived.

However, the etiden~e from tier studies strongly $ndicsti that “ifany

pathological effects were to be noted ti the thyroid after “anexpos~e of

some 10,000 reps they would be miniu&L. IcLkeu-be,the possibility of serious

ckmage to other organs of the body, Buch an parathyroidB EM tracha which

are shultaneously exposed to the 1131 radietinnSJ would be exceedingly small.

On lmg term effects, two suammrizfng stitementi may be

thyroid tieoplaumum found which could & attributed to fil, n

to nnrmd thyroim rumizlg Mm mazlytens Of tbumndn of reps

made. “no

26
after doses

&iifter
periods of observation up to more thm eight hundred @x. “h a series of

over kOO patients treated with radioactive iodine at the h=huse~ _

Hospital.during the past ten years no hewn carcx of thd thyroid kttributible

to this Egent has developed. Ikfiaite uunmrs to the question of carcirmza

formatian must await prolo~d obaemt ion of treated ptienti. “ 23 Here the

average treatmmt dose of + -10 mlllicuries mxiiof +0 25 milltclzries.

However, slgnificaatl.ylemer doses may be carchogenic in ~n.
w

. II
---It hae been t3~pU?tid tit the human thyroid is less radioseneitim than

other tismes, such as bone, since after many years of

dlseaee with radioacti= iodine, no cases of remltisg
\

reported. The customary do6ageB of I
1~1

in Buch c8aeB

rep to the w. On the other lxud, carcimnms of the

treatment of Qmvefi ‘

cKrciIlmxLhave been

field at lenst 4000

thxmld found a

cMMre.n d ymmg adults W ahwst imariably been precetid by x-ray -tmant

to the upper Prt of the body, in amamts such us to field = little as 200 r

to the -t thyroid. It hEE been estimated that less thsm 3$ of

DOE ARCHIVES
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treated ceses yield carcinoma; nevetiheleas, the dati suggest that 200 r

i.Ba Poteatfally csrcimgenlc dose to the lnfknt thyroid. ~le the poBsi-
.

bllity existB that the carcinogenic actlcm may ~ an Indirect, h~nal. one,

‘it muBt Bt~ be rEco@zed that this, llke leukemia, in an tibce of

Bigniffcant carclnogenesis by less than 1000 rep. It seems llkely that the

infant thymld iE UUC%Q msceytible, but that the adult thyroid is not.---”Q8

Table ‘I’mLcdicatee the mount of ~eBtd fimim product activity

to produce one rad dose to the lower hrge bteatine nnd Graph Five B-

the relative dnses to the gastroiateBttil tract and W thyroid. It w

be seen that ingeBtim of a given activity on the fourth md fifth dayB

may reBult h nearly two and one-half times tie dose b the tlzyz-oidas

to the lower Mge intestine. For 8 COZltillliOUSC03BUm@iOnOf fi~OUt

miteri?d fron the first how to the 30th day the ratioof doses is about

1.7.

130zeB

titake and deposition of ntrcmtium=89

uia~ the calcium in the diet. Ubreaa

gener~ze for a uifi variety of calcium--r3troatiumratios and titim

DOE ARCHIV=
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to cover multiple categories. In situations

appear to be the critical.

than considered ~ere), it

evaluation.

criterion (such as

would be necessary

Unequal distribution of

Thus, the dotted line in Graph

larger dose to those regions.

where doses to the bones

later tines after detomtion

to make amore precise

isotopes in the bones has been observed.

Five is included

Considerable data have been collected on

cancers. One summarizing statement that places

to suggested a possible

radiation produced bone

this in proper perspective

with the other factors discussed above is ‘— VisibIe changes in the

skeleton have been reported only after hundreds af rep were accumulated

29
and tumors only after 1,~00 or more.n Ifienone exami~s Graph Fiti for

relative doses, and reviews the data on doses versus effects to the gas-

trointestinal tract and possibly children~s thyroids (Table Four), it

would appear that exposure to the bones is not the critical factor for

ingestion of fallout material under emergency conditions, for the first

few weeks after a detonation.

4. Summaryof Biological Effects

Table Four summarizes some possible biologi&l effects frcm ~dia-

tion exposures. Due to inherent uncertainties in such analyses together

with expected wide biological variances among individuals Table Four is

intended only to suggest a generalized picture of doses versus effects.

The physical calc~ations of radiation doses made above were for

-lJJ-
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adult8. For equal intakes of radioactivity, children

higher exposures due to the mailer orgxn masses, end

greater deposition would be expcted. Abe, there ia

probably hrouldreceive

in the use of bones s

the Poaftibllityof tumor

production in the thyroids.of some children at rebtively low radiation ex-

poBureB. It would appear wise therefore to establish lower Umlts of intake

of radioactivity for children.

c. Permissible Jntake

The preceding discussion attempted to give est~tes of radiation

doses result= from intake of fallout naterial, together with some possible

biological effects. How much intake is actually permitted depends upon many

factors including the essentialness of the food and water to sustaining life,

and one’s philosphy of acceptable biological”risks and damage in the face of

other possible hazards such as mass evacuation. Table Two and Graph Five give

estimates of the amount of contamination in food and water to produce certain

raMation doses to the critical organs. !l’able~. indicates possible bio-

logical effects from given doseB. Using these references, command decisions

may be made as to permitted intake of radioactivity.

Such.evaluation as attempted here are necessary and valuable for

planning purposes,b~t:on~.ethe fallout occurs the e?ergency of the situation

may preclude immediate aralysis of tie fmd and water supplies. Further,

abstaining from ingestion of food and water because it might be contaminated

could not be continued indefinitely. Therefore, the following three common

sense rules are suggested:
POE ~c~v~
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1. Reduce the use of contaminated food and vater to bare minimum

until adequate monitoring can be done; use fIrst any stored clear water and

canned or covered foods; wash and scrub any continated foods and;
.-

2. If the effects of lack of food ad nter become acute, then use

whatever is available but in aa limited qmtities as possible. Uhenever

pos8ible select uhat seems to be of the least likely contaminstud vat.erand/or

food8tuff8j and

3* Sfnce it is especially des~%le to restrict the He of

radioactivity in children, give them first preference for food and water

having the lowest degree of contaminatioti

IiIan area of heavy fallout one matter to consider is tie relative
./

haiards from the exterxk~ gamma exposure versus internal doses

gestion of the ~=iial. (Inhdstion is thought to contribute
,.”’.-

frml fn-

relati~ -r ties under the conditions discussed here). The beat

e~rj~<~ceson this point was the fhllout that occurred on the Rongelapeae

in March 1954. Those In the highest”exposure group recei+ed 175 r vhole-

body

were

external gamm exposure yet their body burdens of internal emitters

30
relatively low (Table Five). These and other dati suggeBt that:

If the degree of contamination of an area is such that the

external gxmma exposure would permit mrmal and contixxuouaticu~cy
\

after a fallout, the internal hazmd would not deny it.

‘l%isiE based on such reasonable assumptions of (a) about

50$ reduction of gamma exposure frcm out-of-doors @es afforded

by living a part of each day in norral family dweu,

-16-
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and/or Bcrubbing contaminated foods, and (c) excluding areas where

relatively little fallout occurred, but into which may be”tranqort.ed
%

htghly contaminated fmd and/or water. After longer pxiocb of time

during which the gamma do8e rates in an originally highly contaminated

area have decreased to acceptable levels, it probably would be

necessary to evaluate the

radioisotopes, especially

residual contamination for the bone seeking

6trontium-90.

/

J

/“
,-,.-

/“,,/
;

.’
# 1

\

-17-
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TABLE OIIE

Lower Large Intestine

Upper Large titef3tine

Small Intestine

-.

RHLATIW DOSHS TO GASTROINTFJSTW TRACT

FROM ~GESTION OF FALLOUT MATERIAL

Stomach

Time After Detonation

Limiting

1st Hour Case *a—————

1.0 1.0 1.0

1.3 0.71 0.49

0.26 0.054 0.03

0.86 0.063 ,> 0.03

+~ed on ass~ti~ t~t there IS no signifi~t decrease h

activity during time of passage thro-@ gastrotitest= tract. After a

week following a detruation the decrease in activity betweea the mid-

potit of time h lower large titestfie is wlthln 20#1of this condition.

DOE ARCHIVES



TAELETwo

.AWRO_TE FISSION PRODUCT ACTIVI~S

(tiCROCURIES PER MILLIIZCER OR GRAM X 102)
.

TO PRODUCE ONE RAD DOSE lU LOWER LARGE lNTESITNE~

Duration of
Ingestion

(Dam)

1

2

3

h

5

10

. 15

20

*a.

b.

1 2 3

(lst Hour) (24th Hou)

35 “ 2.5 1.9

24 1.7 1.1

u 1.3 0.82

13 1.0 0.65

12 0.9 0=57

9.2 0.64 0.40

7.8 0.53 0.33

7.5 0.49 0.29

4

1.7.

0.89

0.65

0953

O*44

0.29

0.26

0.21

Start of Intake
(Days after detonation)

5

1.4

0.81

0.56

o.h6

0.39

0.25

0.21

0.18

10

1.1

0.62

o.lJl

0.33

0.28

0.17

0.13

0.11

Activities computed at start of intake period.

lhsed on intake of 2200 milliliters or grams of water and food

per day for adults.

15

1.1

0s7

O.11o

0.30

0.25

o.llJ

O.1.1

0.089

20

1.0

0.53

0.37

0.29

0.22

O*13

0.09

0.07

7’3
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Date

COICENTRATIOIEIN WA!fERON ISLMDS
‘IN THEPACIFIC AND J?S?IHJITQ)W
DOSE RA=ATD+I, T ABOVE

Rongehp Island

(3.S r~n%em per hour)i

Location

D*2 Cisteln - Rongelap Islands

D+3~ n u

D + 330 a

./’ a
D+ 600

/’
R m .’

11+600 / Opeiuell n,.:-
D + (500 {H” Cisteml

/’”
(With collapsed roof)

,/ Kabelle Island
/’ (19 roentgens per hour)

>’
/“5” + 330 Ground uater

Muetok Island
(8.S roentgens per hour) ~

D + 33c) Cistern

D+(5OO

Gross fission Product
Actiti@ (d/n@)

-50,000-75,000

- 5,500

- 2,000

-3

- 5.5

- 0.5

- 1.3

“ &8

- 25

Enibuk Ishd
(1.3 roentgens per hour)

Standing water from can, drum, etc.-l.~
.’

,
J,,-

I!?QE ARCHIv~ ,/ -

. .“
/..

.’ z“f
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TABLE FOUR

Dose
(Rada)

SOMEPOSSU3LE BIOLOGICALEFFECTSFROM RADIATION DOSES

10,OOO

l,opo

,

100-

‘K) SPECIFIC ORGANS

Gastrointestinal
Tract

*

Thyroid

Minor changes m

.-.

. . .

Fezznanent
@mage --

or serious
suz-izim

threatened

Tumor Production

.Immediate
as nau9ea

effects suc
and vomitin

s +rtlctm-e

Potential carcinogenic
dose to thyroids of few
percent of-children and
adolescents

Bones

.-

. .

mor production

~or changes
rncture

in

*Lesser short term effects would be expected from the
same doses distributed in time.

DOE ARCHIVES
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TAEU FIm

Radioisotopes

sr89

““” *UO

Rare earth group

1~1 (in thyroid)

“~lo3

ca45

Fissile material

Wthated Activity at
one Day @c)

-- MEAN BODY BURDEN OF RONWLEESE

1.6-22

0.3J$ -2.7
. .. 1.2
.

6.lJ -32.2

ooo1.3 ‘

0.019 :

0.01.6 (ygnl)
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